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Abstract 
Mediterranean grasslands of the 'dehesa' ecosystem are characterized by strong annual and 
seasonal variations in biomass production and low fertility of the soil, particularly of 
phosphorus (P). Over a 19-year period (1987-2005), P content of 'dehesa' pastures in the 
province of Salamanca (westem Spain) was analysed. Herbage samples were collected from 
several sites along a topographic gradient that differentiated two types of herbaceous 
cornmunities on the upper and lower part of slopes. Phosphorus concentratíon in herbage 
ranged between 0.56-4.80 g kg'l DM in the upper zones, and between 0.56-3.50 g kg'\ DM in 
the lower ones. The mínimum mean P content was recorded in the lower zones in 1989 
(1.42 g kg'\ DM), and the maxímum mean was recorded in the upper zone in 1988 (2.47 g kg'\ 
DM). Inter-annual variations in P content in herbage at different altitude ron paralleL 
Phosphorus content was significantly (P < 0.05) correlated with the proportion of botanical 
groups in the pasture but not with any climatic variable related to precipitation along the 
sampling years. Phosphorus in herbage was correlated with soíl characteristics in certain 
years. 
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Introduction 
The 'dehesa' grasslands are characterized by the Mediterranean nature of the climate (dry 
surnmers and cold winters) and the low soil fertility, particularly of phosphorus (P). In these 
ecosystems, the pasture biomass production shows strong seasonal and inter-annual 
variations. Thus, variations in above-ground biomass production have been correlated with 
annual precipitation calculated from previous October to current June (Vázquez de Aldana el 
al., 2006). 
Phosphorus concentration in herbage varies with factors such as plant maturity stage, plant 
species, soíl type and management (Whitehead, 2000). However, the information about inter­
annual varíations of mineral element contents in pastures is almost unknown. Following 
previous long-term studies of the 'dehesa' grasslands on nutritional quality (Vázquez de 
Aldana et al., submitted), the objective of the present study was to analyse the variations in 
the P concentration of 'dehesa' pastures over a 19-year period (from 1987 to 2005) and to 
evaluate relationships with variables of climate, proportion of botanical groups in the pasture, 
and soil characteristics (available P, total carbon, organic matter, and coarse and fine sand 
fractions). These variations are important to understand functioning of pastures in the 'dehesa' 
ecosystem and for an adequate management. 
Materials and methods 
Thirty gentle slopes were selected within the 'dehesa' grasslands of the province of Salamanca 
(westem Spain). On each slope two topographically differentiated zones were determined: the 
uppermost and lowermost zones. These zones had different botanÍcal composition: grasses 
dominated in the lower zones and forbs in the upper zones. The pastures were not fertilized. 
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Herbage samples were collected from 1987 to 2005 as follows: from 1987 to 1993 (1992 
excluded) sampling was made in those thirty locations. From 1998 to 2005, five ofthe thirty 
previously selected slopes were selected and herbage samples were collected. 
Plant samples were collected at the end of the growing season (late May or early June) at the 
time of the peak biomass. Sampling was accomplished by cutting the above-ground 
herbaceous vegetation in four randomly selected quadrats (0.25 m2). The samples were dried 
in a forced-air oven at 60 oC for 48 h and ground in a mill with a 0.5 mm mesh sieve. 
Phosphorus concentration was determined colorimetrically as molybdovanadate-phosphoric 
acid. In 1987, 1990 and 2005, soil samples were collected with cylinders 8 x 20 cm and 
analysed for available P, total carbon, organic matter, coarse and fine sand fractions. 
The data were analysed statistically by analysis of variance for the effects of sampling year 
and slope zone. The relationship between P concentration and climatic variables and the 
proportion of grasses, legumes and forbs in the pasture were estimated using correlation 
analysis. The following climatic variables were considered: annual precipitation, seasonal and 
monthly precipitation, and number of days with precipitation (annual, seasonal and monthly). 
Annual precipitation was calculated in several ways: from January to December; from 
January to June (month of the harvest); and from previous October to current June. The 
relationships between P content in herbage and soil variables were statistically analysed for 
each year separately (1987, 1990 and 2005). 
Results and discussion 
The P concentration varied in the communities of the upper and the lower zones along the 
sampling years (Figure 1). The analysis of variance showed a significant effect of slope 
position (P < 0.01) and sampling year (P < 0.001), and their interaction (P < 0.01) on the P 
concentration. The mean P content ranged between 1.44 g kg,l (in 1990) and 2.47 g kg· l (in 
1988) for the upper zones, and between 1.42 g kg'! (in 1989) and 2.06-2.07 g kg'! (in 2003 
and 1993 respectively) for the lower zones, The overall mean was significantly (P < 0.01) 
greater in the upper zone (1.98 g kg'!) than in the lower one (1.78 g kg,l), although as 
indicated by the ANOVA the differences between slope zones were only significant 
(P<O.OI) in 1987, 1988 and 1989. 
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Figure l. Phosphorus concentration (g kg,l dry matter) in 'dehesa' pastures, in the upper and 
the lower slope zones from 1987 to 2005. Values are means ± SE. 
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The P content of the upper zones was significantly correlated to that observed for the lower 
zones along the sampling years (r = 0.683; P = 0.007; n 14). 
The P concentration was not significantly (P > 0.05) correlated with any climatic variable 
along the sampling years. When all data were considered, P concentration was significantly 
correlated with the proportion in dry weight ofbotanical components in the herbage (Table 1). 
The P concentration in the herbage was significantly and negatively correlated with the 
proportion of grasses in both slope zones, and positively with the proportion of legumes in the 
10wer zones and with the proportion of forbs in the upper zones. 
Table 1. Pearson correlation coefficients between P content in the upper and lower zones and 
the proportion and DM production ofbotanical components (grasses, legumes and forbs) and 
summary DM production including all species (pasture). Significance level is in brackets. 
Proportion oyer dry weight Dry matter production 
Grasses Legumes Forbs Grasses Legumes Forbs Pasture 
Pupper -0.313 0.105 0.236 -0.228 0.146 0.169 0.039 
(0.000) (0.139) (0.001) (0.001) (0.038) (0.016) (0.579) 
P lower -0.199 0.209 0.082 -0.204 0.101 0.002 -0.078 
(0.002) (0.001) (0.208) (0.001) (0.119) (0.972) (0.227) 
The P content in pasture was significantly correlated to available P in soil in 1990 (r = 0.838, 
P < 0.000) but not in 1987 or 2005. These results suggest that the P content in pasture is not 
directly related to the available P in soi1. Soils of the study area are P-deficíent. This could 
indicate that differences in soil available P contents among locations or sampling years are not 
strong enough to provoke differences in P content of herbage. On the other hand, in the three 
years, the P content in the pasture was negatively significantly (P > 0.05) correlated with 
carbon and organic marter contents in soil and positively with the coarse sand fraction. 
In all sampling years, the mean P concentration of pasture was below the phosphorus 
requirement for adequate cartle nutrition (NRC, 2000). An experiment of phosphoric 
fertilization conducted on other 'dehesas' has shown that the applicatíon of phosphoric rock 
can give acceptable improvements in biomass production (Ferrera et al., 2006). 
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